The study aims to establish the reference intervals (RIs) for total bilirubin (TBIL), direct bilirubin (DBIL), urea (UR), and uric acid (UA) in healthy Chinese geriatric population.
| INTRODUCTION
Reference intervals (RIs) of clinical laboratory analytes are important basis for interpretation of test results. They help defining whether human bodies are in normal condition or not and thus are essential for clinical decision-making. Inaccurate RIs will lead to wrong decision which will put patients in danger. Previous research found that most RIs of clinical laboratory analytes were significantly related with age, gender, ethnicity, or regional factors. [1] [2] [3] However, most RIs are usually defined based on blood samples from healthy men or non-pregnant women in age range of 20-50 years. These values may not be optimal for elderly. Even though some research has built the RIs for elderly, they use population data focusing specifically on Caucasians, which are probably not appropriate for Chinese population. In China, a very great group of people (nearly 143 million people) are defined as elderly and elderly always seek health care more often than those who are 20-50 years of age.
We felt an urge to set up RIs for Chinese geriatric population according to their own characteristics. 1, 4 Serumtotal bilirubin (TBIL), direct bilirubin (DBIL), urea (UR), and uric acid (UA) are the most commonly used indicators in clinical laboratory and have important significance for the evaluation of liver and kidney function. 5, 6 We initially established the IRs for TBIL, DBIL, UR, and UA in apparently healthy Chinese geriatric population. Our study will provide vital references for the clinical and medical research. 
| MATERIALS AND METHOD

| Subjects
This study was approved by the ethics committee of the Second Xiangya
Hospital of Central South University. All candidate participants were randomly recruited from six representative geographical regions in China: Northeast China (Shenyang), North China (Beijing), East China (Shanghai), South China (Guangzhou), Southwest China (Chengdu), and Northwest China (Xi'an). They have signed the informed consents.
To select apparently healthy individuals, each participant was required to complete a questionnaire and detailed physical examinations and clinical laboratory tests were performed according to CLSI C28-A3.
5
Exclusion criteria were as follows:
1. A diagnosis of acute or chronic diseases.
2.
A history of surgery during the past 6 months or taken drugs within 2 weeks.
3.
Had blood transfusion or blood donation within 4 months.
4.
Excessive drinking (more than 30 g per day) and smoking (more than 20 cigarettes per day).
5.
Blood pressure (systolic pressure ≥140 mm Hg and/or diastolic pressure ≥90 mm Hg. 
| Laboratory methods
All of the candidate participants were required to maintain their normal lifestyle and avoid strenuous physical exercise within 3 days of the physical examination and laboratory testing; they were also required to refrain from alcoholic beverages for at least 1 day prior to the testing. 2) were used respectively for TBIL, DBIL, UR, and UA before the test.
The precision and accuracy were demonstrated according to the document EP 15A 8 recommended by CLSI. The precision was expressed as the total coefficient of variation (CV), and the accuracy was expressed as the percent bias between the mean of the test results and the target value for each analyte. The estimated total CV and the percent bias were all less than 1/2CLIA'88.
| Statistical analyses
SPSS V.17.0 software (SPSS Inc, Chicago, IL, USA) was used for data analysis. The distribution of the data was detected using the Kolmogorov-Smirnov test. Outliers were determined using the Dixon test. After excluding outliers, the variables were compared between men and women using the Mann-Whitney U test. The
Kruskal-Wallis H test was applied to compare variables among different age groups. Pearson's correlation analysis was used to test for the correlation between age and TBIL, DBIL, UR, and UA levels.
Differences at P < .05 were considered statistically significant. The 95% RIs were estimated according to the recommendations of the CLSI C28-A3 document. 5 
| RESULTS
Through the above exclusion criteria, a total of 820 apparently healthy individuals (413 males, 407 females) were included in this study. The sample size of this study was in accordance with the rigorous CLSI guidelines for determining laboratory reference ranges, which recommends a minimum of 120 subjects for a 95th percentile clinical ref-
erence range determination with 90% confidence intervals for each partition group. 5 All the partition groups averagely cover the participants from six aforementioned representative geographical regions in China. The baseline characteristics of the individuals are presented in Table 1 .
| The distribution of TBIL, DBIL, UR, and UA levels in apparently healthy Chinese geriatric population
The results of the Kolmogorov-Smirnov test showed that levels of TBIL, DBIL, UR, and UA in the study showed a non-Gaussian distribution (P < .05). (Figures 1-4) A non-parametric method was thus used to calculate the 95% RIs.
| Gender-dependent RIs in apparently healthy Chinese geriatric population
The 2.5 percentile and 97.5 percentile of TBIL, DBIL, UR, and UA levels in apparent healthy Chinese geriatric population were significant difference between males and females (P < .05). The RIs of TBIL, DBIL, UR, and UA for males and females were shown in Table 2 . Tables 3 and 4 . There were no significant difference for TBIL, DBIL, UR, and UA levels between each two age group (P > .05).
| The RIs in apparently healthy Chinese geriatric population
The RIs and their 90% confidence interval (90% CI) for TBIL, DBIL, UR, and UA in apparently healthy Chinese geriatric population were shown in Table 5 . The RIs of TBIL, DBIL, UR, and UA were 6.6~21.8 μmol/L, 
| Correlation analysis between tested analytes and Age
Non-parametric spearman correlations were demonstrated between age of geriatric population and the tested analytes. Significant correlation was observed between TBIL, DBIL, and UA with Age. Table 6 showed that TBIL, DBIL, and UA values were positively correlated (P < .01) with age and UR value was not correlated with age (P > .05).
| DISCUSSIONS
TBIL, DBIL, UR, and UA are the most important indicators that reflect liver and kidney damage and injury. The RIs of TBIL, DBIL, UR, and UA have a vital role for the diagnosis, treatment of liver and kidney diseases.
The results of this survey show that the elderly population typically has a higher level of RIs for TBIL, DBIL, UR, and UA than adults. As human body get old, liver function and renal function changes automatically. TBIL, DBIL, UR, and UA levels in elderly will not be similar with the young ones ( .191 respectively, P < .01) while UR value was not correlated with age (P > .05).
The limitation of our study was the lack of elderly over 91 years old, there may exists bias in our RIs for age group of 91-96 years due to the small sample size (n = 30). Thus, further study with more individuals aged 91-96 years is necessary to produce a more representative result.
In summary, we have established the RIs of serum TBIL, DBIL, UR, and UA within apparently healthy geriatric
Chinese population according to the recommendations of the CLSIC28-A3 document, providing a reference for clinical and laboratory studies. T A B L E 8 The comparison of the IRs from foreign countries and this study
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